Two strains of Gram-stain-positive, facultatively anaerobic, non-spore-forming short rods (VUL7 T and VUL8) were isolated from rectal swabs of Old World vultures, namely Gyps himalayensis, in Tibet-Qinghai Plateau, China. Optimal growth occurred at 37 C, pH 6-7, with 1 % (w/v) NaCl. Phylogenetic analysis based on 16S rRNA gene sequences classified the two strains to the genus Actinomyces, with highest 16S rRNA gene sequence similarity (95 %) to type strains of Actinomyces haliotis, Actinomyces radicidentis and Actinomyces urogenitalis. The major cellular fatty acids were C 18 : 1 !9c and C 16 : 0 . MK-10(H 4 ) was the major respiratory quinone. The genomic DNA G+C content of the isolate was 54.4 mol%. DNA-DNA hybridization values with the most closely related species of the genus Actinomyces was 24.6 %. The two strains can be differentiated from the most closely related species such as A. haliotis, A. radicidentis, A. graevenitzii and A. urogenitalis by a list of carbohydrate fermentations and enzyme activities. On the basis of physiological, biochemical and phylogenetic analysis, strains VUL7
The genus Actinomyces, the type genus of the order Actinomycetales within the phylum Actinobacteria, comprises a broad spectrum of anaerobic or facultatively anaerobic, non-sporeforming, non-motile, Gram-staining-positive, rod-shaped organisms with a high DNA G+C content [1] . In the last decade the number of described species of the genus Actinomyces has increased dramatically, and at the time of writing, the genus Actinomyces comprises more than forty species (www.bacterio.net/actinomyces.html). Many newly described species have originated from human and animal materials and most of them have been associated with clinical specimens, indicating their possible significance in medicine [2] [3] [4] [5] [6] [7] .
Wild animals can be reservoirs for human pathogens [8, 9] . Old World vultures perform a vital task by removing rotting carcasses that could be a source of diseases for humans. However, they may also constitute a reservoir of pathogens that could be disseminated, especially in Tibet, Qinghai, Mongolia, Bhutan, Nepal and some parts of India, where they are the main scavengers of sky burials [10, 11] . Vultures have been found to carry a diverse array of microbes, like Clostridium perfringens, Clostridium vulturis, Mycoplasma corogypsi, etc [12] [13] [14] [15] .
During an attempt to investigate the faecal bacterial diversity of wild vultures, two novel bacterial strains, VUL7
T and VUL8, were isolated. The vultures were live captured, anaesthetized, swabbed into rectum for faeces, and then released. The vultures were classified as Gyps himalayensis by analysis of the mitochondrial gene cytochrome c oxidase I (COI), which was amplified from feathers by the PCR method [16] . The collected rectal swabs were dispensed in 2 ml sterile tubes containing Luria-Bertani (LB) medium (20 % glycerol added), stored at À20 C immediately and transported to the laboratory of the National Institute of Communicable Disease Control and Prevention, China CDC, in ice-cold conditions. Diluted samples (by 10 À1 and 10
À2
) were inoculated by spreading on brain heart infusion (BHI; Bacton) agar sheep blood plates and incubated at 37 C in air plus 5 % CO 2 . After incubation for 48 h, two novel bacterial strains closely related, phylogenetically and phenotypically, to members of the genus Actinomyces were isolated. Evidence is presented to demonstrate for the first time that the two isolates from the Old World vultures belong to a novel species of the genus Actinomyces.
Gram-staining, cell morphology and colony appearance were tested with cells grown on BHI-sheep blood agar plates incubated at 37 C for 48 h in air plus 5 % CO 2 . Gram-staining was performed with a Gram stain kit (bioM erieux) according to the manufacturer's instructions, and cell morphology was examined with light and transmission electron microscopes. Growth profiles were determined in BHI at different temperatures (4, 10, 20, 25, 30, 37, 40, 45, 50 and 55 C) , pH (at intervals of 1.0 pH unit from 4 to 11), and NaCl concentrations (0, 1, 2, 3 and 4 %, w/v). Bacterial growth was monitored by measuring the OD 600 of the BHI culture using a spectrophotometer (CARY-50; BioTeK). Collectively, strain VUL7
T was a facultative, Gram-stainingpositive and short-rod-shaped (0.5-0.8Â1-1.3 µm) anaerobe. Surface colonies on sheep-blood agar were <1 mm diameter, convex, circular, grey-white, shiny and non-haemolytic after 48 h aerobic incubation in air plus 5 % CO 2 . Unless stated otherwise, all tests characterizing strain VUL7
T were conducted under optimal growth conditions [37 C, pH 6-7 and 1 % (w/v) NaCl] in air plus 5 % CO 2, although the strain could grow anaerobically.
Commercially available API 50 CH strips (carbohydrate fermentation) combined with API 50 CH B/E medium, API ZYM (enzyme activities), API Coryne (identification of coryneform bacteria) and API Rapid ID 32 STREP (identification of streptococcus) kits (all bioM erieux) were used to characterize the biochemical properties of the strains according to the manufacturer's instructions. The strains were catalase-positive and grew on BHI-sheep blood agar. The biochemical properties of the two strains closely resembled each other using the above commercially available kits. Both strains produced acid from D-galactose, D-glucose, Dfructose, N-acetylglucosamine, maltose, lactose, melibiose, sucrose, trehalose, melezitose, raffinose and turanose (from D-mannose for strain VUL8 only). Neither of the isolates produced acid from glycerol, erythritol, T only], leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase and aglucosidase, but the tests were negative for alkaline phosphatase, lipase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and afucosidase (API ZYM). The strains had enzyme activity of arginine dihydrolase and alanyl-phenylalanine proline arylamidase according to results from API Rapid ID 32 Strep and API Coryne. The phenotypic characteristics of the novel strains were compared with those of Actinomyces haliotis Acid production from:
Arbutin, aesculin ferric citrate, salicin, cellobiose, gentiobiose, glycogen, methyl a-D-glucopyranoside
T [6] , Actinomyces radicidentis DSM 15433 T [17] , Actinomyces urogenitalis CCUG 38702 T [18] and Actinomyces graevenitzii CCUG 27294
T [19] , the most closely related strains in terms of 16S rRNA gene sequence similarity or phylogenetically. The phenotypic comparison demonstrated that strains VUL7
T and VUL8 were distinct from all other closely related species of the genus Actinomyces, as summarized in Table 1 . Characteristics that differentiated the two novel isolates from the type strains of the four closely related species were being negative for acid production from D-ribose, starch, pullulane and methyl b-D-glucopyranoside, and pyrrolidonyl arylamidase activity, and being positive for arginine dihydrolase activity. Being unable to ferment arbutin, aesculin ferric citrate, salicin, cellobiose, gentiobiose, glycogen and methyla-D-glucopyranoside, and being negative for a-galactosidase and b-glucosidase activity could distinguish the two novel strains from three of the reference strains, the exception being A. graevenitzii CCUG 27294
T .
The novel isolates also could be differentiated from A. urogenitalis by the inability to use glycerol and amygdalin, and N-acetyl-b-glucosaminidase and b-mannosidase activity. Strains VUL7 T and VUL8 also could be distinguished from A. radicidentis by the characteristics of being negative for acid production from glycerol, inulin, D-arabinose, D-mannitol and L-fucose, and negative for hydrolysis of gelatin. Additional, characteristics useful in differentiating the novel isolated strains from A. graevenitzii were the results of tests for acid production from glycerol, melibiose, trehalose and melezitose, and catalase activity (Table 1) .
For chemotaxonomic characterization of strains VUL7
T and VUL8, cellular fatty acids were extracted according to the protocol of the Sherlock Microbial Identification System [20] . The most closely related strains were also examined as references at the same time as the novel isolates. Isoprenoid quinones and polar lipids were investigated as previously described [21] [22] [23] . The strains were cultured on BHI-sheep blood plates for 48 h in air plus 5 % CO 2 . The two strains had the major cellular fatty acids (>10 % of the total) in common although in different proportions (36.2 % C 18 : 1 !9c and 30.9 % C 16 : 0 for strain VUL7 T versus 37.1 % and 32.0 %, respectively, for strain VUL8). Fatty acids C 14 : 0 , C 18 : 0 , C 16 : 1 !9c and A. dentalis CCUG 48064 T (AJ697609)
A. ruminicola JCM 13352 T (DQ072005)
A. oricola CCUG 46090 T (AJ507295)
A. massiliensis CCUG 53522 T (EF558367)
A. gerencseriae ATCC 23860 T (X80414)
A. israelii ATCC 12102 T (X82450)
A. bovis ATCC 13683 T (X81061)
A. weissii CCUG 61299 T (FN552454)
A. urogenitalis CCUG 38702 T (AJ243791)
A. haliotis JCM 18848 T (KC196072)
A. radicidentis CCUG 36733 T (AJ251986)
A. graevenitzii CCUG 27294 T (AJ540309)

A. vulturis VUL8 (KX389558)
A. vulturis VUL7 T (KX360125)
A. europaeus ATCC 700353 T (Y08828)
A. hominis CCUG 57540 T (FJ617539)
A. coleocanis CCUG 41708 T (AJ249326)
A. neuii subsp. anitratus ATCC 51849 T (AM084229)
A. neuii subsp. neuii ATCC 51847 T (AM084228)
A. hongkongensis CCUG 48484 T (AF433168)
A. marimammalium CCUG 41710 T (AJ276405)
A. hordeovulneris ATCC 35275 T (X82448)
A. nasicola CCUG 46092 T (AJ508455)
A. naturae CCUG 56698 T (FJ234421)
A. radingae ATCC 51856 T (X78719)
A. canis CCUG 41706 T (AJ243891)
A. meyeri ATCC 35568 T (X82451)
A. odontolyticus ATCC 17929 T (AJ234040)
A. georgiae ATCC 49285 T (X80413)
A. vaccimaxillae CCUG 46091 T (AJ427451)
A. cardiffensis CCUG 44997 T (AJ421779)
A. turicensis ATCC 51857 T (X78720)
A. suimastitidis CCUG 39276 T (AJ277385)
A. funkei CCUG 42773 T (AJ404889)
A. hyovaginalis ATCC 51367 T (X69616) summed feature 5 (comprises C 18 : 0 ante and/or C 18 : 2 !6, 9c) were found in minor amounts (5-10%). The four reference strains also had similar relative contents. The complete fatty acid profiles of the isolates and the reference species are presented in Table 2 . MK-10(H 4 ) was the major respiratory quinone for both isolates. Polar lipids were analysed by twodimensional TLC with silica gel thin layers (Merck), using chloroform/methanol/water (65:25:4, by vol.) and chloroform/methanol/acetic acid/water (80:12:15:4, by vol.) in the first and the second dimension, respectively. Polar lipids were characterized with spray reagents specific for free amino groups (ninhydrin), sugars (a-naphthol), phosphate (molybdenum blue spray reagent) and quaternary nitrogen compounds (Dragendorff's reagent), and the nonspecific spray reagent, phosphomolybdic acid hydrate. The major polar lipids detected in strain VUL7
T were diphosphatidylglycerol and phosphatidylinositol mannoside. In addition, there were moderate amounts of phosphatidylinositol, phosphatidylcholine, an unidentified phosphoglycolipid, phosphatidylglycerol and an unidentified phospholipid (PL1), and trace amounts of an unidentified phospholipid (PL2), two unidentified aminolipids (AL1, AL2) and an unidentified polar lipid not reacting with any of the applied specific staining reagents (Fig. S1a , available in the online Supplementary Material). The polar lipid profiles of strain VUL7 T and the reference strains A. haliotis JCM 18848 T (Fig. S1b) , A. graevenitzii CCUG 27294 T (Fig. S1c ) and A. radicidentis DSM 15433 T (Fig. S1d) were highly similar in content with slight differences in amounts (Fig. S1) . Minor or trace amounts of an unidentified aminoglycolipid and/or another unidentified aminolipid (AL3) were only detected in the type strains of A. graevenitzii and A. haliotis (only AL3). The polar lipid profile supports the affiliation of the novel isolates with the genus Actinomyces.
The 16S rRNA gene sequences were amplified with two universal bacterial primers: forward primer 8F (5¢-AGAGTTT-GATCCTGGCTCAG-3¢) and reverse primer 1492R (5¢-GGYTACCTTGTTACGACTT-3¢). The sequences of the amplified products were compared with sequences deposited in the GenBank database by using the program BLAST through the NCBI server [24] . Phylogenetic trees were reconstructed with three different algorithms, neighbourjoining [25] , maximum-likelihood [26] and maximum-parsimony [27] using MEGA 7 software (www.megasoftware. net) with pairwise deletion gaps treatment, and the stability of the groupings was estimated by bootstrap analysis (1000 replications). The distance matrices were determined following the assumptions described by Kimura [28] and used to generate a dendrogram using the neighbour-joining method. The phylogenetic tree shows that strain VUL7
T is most closely related to A. graevenitzii CCUG 27294 T (Fig. 1) . The best BLAST hits of the 16S rRNA genes of the two novel strains in the NCBI database were with A. haliotis JCM 18848 T (95.4 % 16S rRNA gene sequence similarity), A. radicidentis DSM 15433 T (95.1 % similarity) and A. urogenitalis CCUG 38702 T (95.1 % similarity).
The genome of strain VUL7 T was sequenced by isolating the chromosomal DNA with the Wizard Genomic DNA Purification kit (Promega) and sequencing with Illumina Hiseq 2500 by paired end 125 sequencing strategy. DNA-DNA hybridization (DDH) with the reference species was performed to determine the genotypic characteristics of the isolate (http:// ggdc.dsmz.de/) [29] , and sequences of related species (Table S1) were obtained from the NCBI GenBank database. The assembled draft genome size of strain VUL7
T was 2 202 646 bp (GenBank accession number LZRK00000000). The DNA G+C content of strain VUL7
T was 54.4 mol % according to the draft genome sequence, which was in the range for members of the genus Actinomyces. The DDH values between strain VUL7
T and the closely related strains A. graevenitzii C83, A. radicidentis CCUG 36733
T and A. urogenitalis CCUG 38702 T were 21.9, 24.6 and 22.7 %, respectively ( Table 3 ). The DNA-DNA relatedness values between strain VUL7
T and all species with genome information in the genus Actinomyces were all less than 24.6 % (Table S1 ), a level well below the accepted threshold of 70 % [30] .
In order to further determine the phylogenetic position of strain VUL7
T , five housekeeping genes were used to analyse the phylogeny of type strain VUL7
T and closely related species revealed by 16S rRNA gene sequence comparison. The five housekeeping genes included atpA (ATP synthase F1), gyrA (DNA gyrase), metG (methionyl-tRNA synthase), pgi (glucose-6-phosphate isomerase) and rpoB (DNA-directed RNA polymerase) [31] . The gene gltA (citrate synthase I) often used for molecular typing was not included, because it was not detected in some strains. A total of 14 strains were Table 3 . DNA-DNA relatedness between strain VUL7
T and closely related species of the genus Actinomyces
Results are percentages and expressed based on Formula 2: sum of all identities found in high-scoring segment pairs (HSPs) divided by overall HSP length. Formula 2 is independent of genome length and is thus more robust when applied to incomplete draft genomes [32] . The genome sequence of type strain A. graevenitzii CCUG 27294 T is not available, and therefore A. graevenitzii C83 was chosen to be analysed. (Fig. S2) . This result supported the taxonomic classification of strain VUL7
Based on the results described above, we determine strain VUL7 T represents a distinct species of the genus Actinomyces and propose the name Actinomyces vulturis sp. nov.
DESCRIPTION OF ACTINOMYCES VULTURIS SP. NOV.
Actinomyces vulturis (vul.tu¢ris. L. gen. n. vulturis of vulture, referring to the isolation of type strain from Gyps himalayensis). The type strain, VUL7
T (=CGMCC 4.7366 T =DSM 103437 T ) was isolated from rectal swab samples of Gyps himalayensis in Tibet-Qinghai Plateau, China. The DNA G+C content of the type strain is 54.4 mol%. An additional strain of the species is VUL8.
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